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ABSTRACT 

DATE: A p r i l  23, 1 9 6 9  

FROM: J. E. Waldo 

Degradat ion of t h e  t he rma l  performance of  t h e  AM/MDA 
radiator can r e s u l t  from RCS plume impingement d u r i n g  LM-A 
docking. The e x t e n t  of t h i s  d e g r a d a t i o n  i s  unkriowrl ariii caiiiioi 
be  analyzed wi th  confidence.  

The McDonnell Douglas Corpora t ion  has  proposed t h a t  

Man-in-the-loop s i m u l a t i o n s  by MDC show t h a t  
c l o s e - i n  LM-A t h r u s t i n g  towards t h e  r a d i a t o r  be  avoided excep t  
i n  emergencies.  
docking v e l o c i t i e s  can be he ld  w i t h i n  t h e  0 . 1  t o  1 . 0  f p s  l i m i t s  
w i thou t  c l o s e - i n  brak ing .  

T e s t  and f l i g h t  i n fo rma t ion  i n d i c a t e  t h e  c u r r e n t  AM 
r a d i a t o r  c o a t i n g ,  2-93, i s  more s u s c e p t i b l e  t o  contaminat ion  
than  a n o t h e r ,  s i m i l a r ,  z inc  oxide- type,  S-13G. T e s t  data  on 
t h e  e f f e c t s  o f  plume impingement are l i m i t e d ,  and t h e  r e p o r t e d  
da t a  c u r r e n t l y  a v a i l a b l e  t o  t h e  a u t h o r  on t h e  thermal  c o a t i n g s  
of i n t e r e s t  are n o t  c o n s i s t e n t .  

AM thermal  performance requi rements  are g r e a t e s t  
d u r i n g  EVA/IVA,  when 45’F water must be provided  f o r  t h e  Liquid  
Cooled Garment. I t  appears t h a t  t h e s e  requi rements  could be  
reduced f o r  F . A p  3-4, when t h e  AM r a d i a t o r  performance might  be 
degraded. During Mission 3-4 t h e  LM-A a l s o  p rov ides  f o r  EVA 9 

f o r  t h e  ATM, and t h e  only  IVA-type suppor t  t h e  AM provides  i s  
f o r  Experiment M-171. M-171 r e q u i r e s  I V A  u m b i l i c a l  o p e r a t i o n  
for  less than  an hour ,  one man s u i t e d  a t  a t i m e .  

An A d  Hoc Working Group on contaminat ion  has  been 
formed under  t h e  ECS/Thermal Subpanel.  
up a j o i n t  t e s t  program on contaminat ion  o f  thermal  c o n t r o l  
s u r f a c e s ,  w i th  c u r r e n t  emphasis on RCS. 

This  group i s  t o  se t  
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MEMORANDUM FOR FILE 

INTRODUCTION 

If the LM R.cs +x +_hrijsters a r e  ~ s p 6  d n r i ~ g  T.M/ATM 
docking t o  P o r t  1 of t h e  MDA, t h e i r  plumes w i l l  impinge 
d i r e c t l y  on t h e  AM/MDA r a d i a t o r .  
s u r f a c e  h e a t i n g  and contaminat ion problem, s u r f a c e  the rma l  
p r o p e r t y  d e g r a d a t i o n ,  and a p o t e n t i a l  thermal  problem f o r  
t h e  AM/MDA r a d i a t o r .  The e x t e n t  of s u r f a c e  deg rada t ion  
depends on t h r u s t e r - t o - s u r f a c e  d i s t a n c e s  and a n g l e s ,  t h e  
t h r u s t  p r o f i l e ,  d u r a t i o n  of p u l s e ,  rad ia tor  sarface m a t i n g  
c h a r a c t e r i s t i c s ,  s u r f a c e  tempera ture ,  and t h e  p r o p e l l a n t s  
used.  

This  could  i n t r o d u c e  a 

The a t t a c h e d  f i g u r e  shows t h e  LM-A i n  docking 
p o s i t i o n  a t  P o r t  1. 
d i s t a n c e s  and t h r u s t i n g  d i r e c t i o n s  o f  t h e  LM-A RCS t h r u s t e r s  
r e l a t i v e  t o  t h e  AM/MDA and t h e  r a d i a t o r s ,  shown shaded. The 
lowest view, looking  i n t o  P o r t  1, shows t h a t  t h e  +X t h r u s t e r s  
are d i r e c t e d  approximately t a n g e n t  t o  t h e  AM/MDA. 

The purpose of t h i s  memorandum is t o  d i s c u s s  proposed 
s o l u t i o n s  f o r  t h e  AM/MDA r a d i a t o r  deg rada t ion  and t o  r e p o r t  t h e  
s t a t u s  of p e r t i n e n t  ana lyses  and t e s t s .  

T h e  t h r e e  views show t h e  r e l a t i v e  

SURFACE HEATING AND CONTAMINATION 

I n  g e n e r a l ,  RCS plume impingement i s  u n d e s i r a b l e  

The 
because of  h e a t i n g  and contaminat ion of t h e  impinged s u r f a c e  
and t h e  r e s u l t i n g  degrada t ion  o f  t h e  s u r f a c e  c o a t i n g .  
e f f e c t s  of h e a t i n g  have been measured. The a c t u a l  mechanisms 
of contaminat ion are n o t  w e l l  understood and, a t  p r e s e n t ,  t h e  
e x t e n t  of  contaminat ion f o r  a g iven  s e t  o f  c o n d i t i o n s  cannot  
be analyzed.  I t  appears  t h e r e  are combined e f fec ts  of d i rec t  
d e p o s i t i o n  and l a t e r  c h e m i c a l  r e a c t i o n  wi th  t h e  s u r f a c e  
i n v o l v i n g  r e a c t i o n  products  and incomplete  or i n t e r m e d i a t e  
r e a c t i o n  p roduc t s  i n  t h e  exhaust .  I n  a d d i t i o n  t o  t h e  d i r e c t  
e f f e c t  of s u r f a c e  contaminants ,  t h e r e  i s  i n t e r a c t i o n  between 
t h e  contaminant f i l m  and t h e  space  r a d i a t i o n  environment.  
S h o r t ,  pu lsed  mode t h r u s t i n g  produces both  t h e  m o s t  contaminants  
and t h e  greatest  u n c e r t a i n t y  i n  t h e  l o c a t i o n  of s u r f a c e s  t h a t  
w i l l  be affected.  Contamination has  been exper ienced  i n  and 
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behind t h e  e x i t  p l a n e  of t h e  t h r u s t e r .  Observers  r e p o r t  
unburned p r o p e l l a n t s  from s t a r t u p  or shutdown l e a v e  t h e  
t h r u s t e r  a t  t h e  beginning  of f i r i n g  and i g n i t e  when away 
from t h e  t h r u s t e r .  A l s o ,  unburned p r o p e l l a n t  c r e e p s  o u t  
on t h e  t h r u s t e r  nozz le  and i s  f o r c e d  o f f  t h e  nozz le  l i p  
a t  undetermined ang le s .  (1) 

McDONNELL DOUGLAS ANALYSIS AND PROPOSED SOLUTION 

Performance degrada t ion  from plume h e a t i n g  and 
contz i i ina t ion  fo r  a given LX=A dZ12kir;g p r c f i l e  cznnot  be 
analyzed  wi th  conf idence .  However, McDonnell Douglas 
Corpora t ion  (MDC) has  es t imated  f o r  t h e  purpose of  a n a l y s i s  
t h a t  t h e  s o l a r  a b s o r p t i v i t y  of t h e  p r e s e n t  r a d i a t o r  c o a t i n g ,  
2-93, may be i n c r e a s e d  from an  undegraded v a l u e  of about  
0 . 1 9  t o  0 . 4 ,  based on Grumman t e s t  d a t a  ( 2 )  and a North American 
r e p o r t  i s s u e d  by t h e  A i r  Force (AFR PL-TR-67-3, February 1 9 6 7 ) .  
MDC r e p o r t s  t h a t  ana lyses  f o r  0 . 4  on t h e  LM-A s i d e  of t h e  
r a d i a t o r  and 0 . 2 5  on t h e  oppos i t e  s i d e  away from t h e  SUE 
show t h a t  AM thermal  c o n t r o l  performance i s  adequate  f o r  normal 
l o a d s ,  b u t  i nadequa te  t o  provide  45'F w a t e r  t o  t h e  Liquid  Cooled 

Garment d u r i n g  EVA/IVA. ( 3 )  
i n d i c a t e  performance i s  marginal  i f  s o l a r  a b s o r p t i v i t y  i n c r e a s e s  

(Mar t in  ana lyses  f o r  MSFC R-P&VE 

t o  0.3.)  ( 4 )  

MDC proposed t o  t h e  Second AAP Guidance and Cont ro l  
Requirements Meeting t h a t  t h e  c m t a m i n a t i o n  problem be a v ~ i d e d  
or minimized by modifying t h e  LM-A t h r u s t e r  f i r i n g  toward t h e  
MDA: "1) Make r e t r o g r a d e  maneuvers an emergency-only o p e r a t i o n  
d u r i n g  t h e  f i n a l  phase of docking,  and 2 )  Modify t h e  j e t  l o g i c  
d u r i n g  c l o s e - i n  docking,  so t h a t  p i t c h  and yaw c o n t r o l  commands 
d o  n o t  f i r e  t h e  forward p o i n t i n g  j e t s  o r  a t  l e a s t  d o  n o t  f i r e  
je ts  1 and 5." 
Reference 5 ) .  I f  t h i s  can be done, t h e  most s e v e r e ,  d i r e c t  
plume impingement i s  avoided. Man-in-the-loop s i m u l a t i o n s  by 
MDC i n d i c a t e  docking v e l o c i t i e s  can be  he ld  w i t h i n  t h e  +X docking 
l i m i t s  of 0 . 1  and 1 f p s  without  c l o s e - i n  b rak ing .  
proposed approach w i l l  be  p r e s e n t e d  a t  t h e  n e x t  meet ing o f  t h e  
ECS/Thermal Subpanel. 

(See page 3 of t h e  a t t a c h e d  MDC b r i e f i n g  c h a r t s ,  

The MDC 

AM RADIATOR COATING 

The whi te  p a i n t  planned f o r  t h e  AM r a d i a t o r  i s  
d e s i g n a t e d  as 2-93. 
w i t h  z i n c  oxide.  I t  w a s  used on Gemini and i s  used on t h e  
Apol lo  S M  r a d i a t o r s .  T e s t  d a t a  and expe r i ence  i n d i c a t e  2-93 
i s  more s u s c e p t i b l e  t o  contaminat ion than  S-13G, a s i m i l a r  
b u t  newer c o a t i n g  planned f o r  t h e  LM-A r a d i a t o r  and t h e  back- 

s i d e  of t h e  ATM and OWS s o l a r  a r r a y s .  ( 6 )  2-93 i s  more s u s c e p t i b l e  

This  i s  a potassium s i l i ca t e  pigmented 
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t o  contaminat ion  from ground hand l ing  and canno t  be c l eaned ;  
it must be r e p a i n t e d ,  and i s  d i f f i c u l t  t o  apply .  Some 
procedures  developed du r ing  Apollo have reduced these problems. 

S-13G d e s i g n a t e s  a w h i t e  p a i n t  made of z i n c  ox ide  
encapsu la t ed  i n  potass ium s i l i ca t e  w i t h  a methyl  s i l i c o n e  
b i n d e r .  S-13G w a s  developed t o  r e p l a c e  t h e  wide ly  used S-13 
when it w a s  found t h a t  S-13 degraded s i g n i f i c a n t l y  under t h e  
vacuum and u l t r a v i o l e t  c o n d i t i o n s  of space .  I I T  Research 
I n s t i t u t e  r e p o r t s  t h e  fo l lowing  v a l u e s  for  an 8 m i l  undegraded 

i n d i c a t e s  an i n c r e a s e  i n  a of 0 .03  a f t e r  exposure  t o  1 0 0 0  
e q u i v a l e n t  sun hours .  The u l t r a v i o l e t  d e g r a d a t i o n  data  w e r e  
ob ta ined  expe r imen ta l ly  us ing  i n  s i t u  r e f l e c t a n c e  measurements 
i n  a vacuum chamber. F l i g h t  d a t a  from Lunar O r b i t e r  I and I V  
and Mariner V i n d i c a t e  g r e a t e r  d e g r a d a t i o n ,  w i t h  i n c r e a s e s  
o f  0.15 a f t e r  exposure t o  l O C O  e q u i v a l e n t  sun hours. 

S-13G sea t iw :  = 0.19 + 0.02, ;Ed E =  0.88 -F 3.35. T T m n T  1 L L . K L  - - Y 

S 

The e f f e c t  of plume impingement on S-13G (and o ther  
c o a t i n g s )  has  received less a t t e n t i o n  than  t h e  effects  of 
u l t r a v i o l e t  and vacuum. The on ly  tests known t o  t h e  a u t h o r  
t h a t  s p e c i f i c a l l y  cover  S-13G d e g r a d a t i o n  due t o  RCS plume 
impingement were sponsored by GAEC and w e r e  conducted by 
Astrosystems.  

N H -UDMH t o  expose s e v e r a l  t he rma l  c o a t i n g  samples ,  i n c l u d i n g  
2-93 and S-13G!2)Although i n  s i t u  measurements w e r e  p lanned,  
t h e  r e p o r t e d  d a t a  a r e  from measurements made a t  t h e  Grumman 
Thermal .Laboratory a f t e r  t h e  exposed specimens had been 
removed f r o m  t h e  chamber. Problems i n  t h e  tes ts  make 
i n t e r p r e t a t i o n  of the r e p o r t e d  d a t a  d i f f i c u l t .  Some of t h e  
major conc lus ions  r e p o r t e d  are: 

These t e s t s  used a m i c r o t h r u s t e r  and N204/ 

2 4  

"1) The mechanism caus ing  degradation/contamination of 
t h e  thermal  c o n t r o l  surfaces was d e p o s i t i o n  of exhaus t  
products  and/or c h e m i c a l  r e a c t i o n  of e x h a u s t  p roduc t s  
w i t h  t h e  s u r f a c e s .  

2 )  T h e r m a l  c o n t r o l  c o a t i n g s  which e x h i b i t  porous s u r f a c e s  
a r e  more vu lne rab le  t o  contaminat ion  e f f e c t s  ( i . e .  2-93 
v s .  Sch j e l d a h l )  . 

3)  The degree  of deg rada t ion  v a r i e s  i n v e r s e l y  w i t h  d i s t a n c e  
from t h e  nozz le  e x i t  p l ane  and i n v e r s e l y  w i t h  angu la r  
d i s t a n c e  from the nozz le  c e n t e r  l i n e . "  
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OTHER APPROACHES 

Rad ia to r  cove r s  f o r  t h e  AM a r e  n o t  be ing  s e r i o u s l y  
cons ide red  because of  mechanical  complexity.  
f o r  t h e  LM-A are n o t  be ing  cons ide red  because of q u e s t i o n a b l e  
e f f e c t i v e n e s s  and reduced e f f i c i e n c y .  Other s u g g e s t i o n s  f o r  
r educ ing  contaminat ion  by removing contaminants  from t h e  exhaus t  
are under s tudy  o u t s i d e  AAP. 

Plume d e f l e c t o r s  

TESTS 

Planned tests t h a t  would provide  some d a t a  are: 

MSC p l a n s  an Apollo LM RCS t h r u s t e r  impingement t e s t  
on Apollo LM i n s u l a t i o n  and d e f l e c t o r s .  The d u t y  
c y c l e  w i l l  be f o r  a d e s c e n t  p r o f i l e  i n v o l v i n g  maximum 
t o t a l  d u r a t i o n  downward t h r u s t i n g ,  i n c l u d i n g  s e v e r a l  
f i r i n g s  of 1 second, 6 seconds, and pu l sed  mode. The 
engine  w i l l  be r o t a t e d  t o  impinge on d i f f e r e n t  specimens 
f o r  each of t h e  f i r i n g s .  McDonnell has  a r r anged  t o  
provide  2-93 and S-13G c o a t i n g  specimens mounted a t  
t h r e e  d i f f e r e n t  ang le s  f o r  exposure d u r i n g  one of 
t h e  6 second f i r i n g s .  T h i s  w i l l  be  a s t e a d y  f i r i n g  
aimed towards plume h e a t i n g  of t h e  CM a b l a t o r ,  r a t h e r  
t h a n  pulsed  f i r i n g  t h a t  would g e n e r a t e  contaminat ion  
p roduc t s .  Th i s  t e s t  i s  scheduled f o r  l a t e  A p r i l  and, 
r e p o r t e d l y ,  cannot  be  changed because of t h e  t e s t  
chamber schedule .  

2 ) , L e w i s  Research C e n t e r  i s  about  t o  begin  a long-term 
t e s t  program us ing  a m i c r o t h r u s t e r  and N204/MMH. 

Samples w i l l  be measured i n  s i t u .  

3 )  Arnold Engineer ing Development-Center has  been t e s t i n g  
c o a t i n g s  f o r  MOL us ing  a m i c r o t h r u s t e r  and N204/MMH. 

These tests are conducted i n  a chamber t h a t  does  n o t  
have s u f f i c i e n t  vacuum t o  a l low f u l l  plume development. 
A l s o ,  sample measurements are made o u t s i d e  t h e  chamber. 

Cur ren t  Apollo f l i g h t  d a t a  should be u s e f u l .  Samples 

P r e l i m i n a r y  
from Apollo 9 a r e  be ing  analyzed a t  MSC S t r u c t u r e s  and Mechanics 
Div i s ion  and t h e  r e su l t s  should be a v a i l a b l e  soon. 
r e s u l t s  i n d i c a t e  p o s t  f l i g h t  s o l a r  a b s o r p t i v i t y  v a l u e s  do n o t  
exceed 0 . 2 5 ,  which i s  t h e  l o w e r  l i m i t  of d e g r a d a t i o n  assumed 
by MDC i n  t h e i r  ana lyses .  
photographs show t h a t  boos t  h e a t i n g  and RCS f i r i n g s  a t  t h e  t i m e  
o f  t r a n s p o s i t i o n  and dock had caused only  s l i g h t  p a i n t  b l i s t e r i n g  
and no cork c h a r r i n g .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  Apollo 9 
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MSC p l a n s  t o  ana lyze  t h e  MDC s i m u l a t i o n  d a t a  and 
combine t h i s  i n fo rma t ion  wi th  t h e  r e s u l t s  of t h e  c u r r e n t  
RCS plume impingement t e s t  and p a s t  s t u d i e s  by P&PD. MDC 
s i m u l a t i o n  d a t a  are be ing  r eques t ed  i n  t h e  form of  p r o f i l e  
RCS du ty  c y c l e  vs .  LM-A d i s t a n c e  f o r  d i f f e r e n t  i n i t i a l  
c o n d i t i o n s .  I t  i s  expected t h i s  w i l l  be d i s c u s s e d  by t h e  
M i s s i o n  Requirements Panel .  

COMMENTS 

I t  i s  c l e a r ,  from t h e  in fo rma t ion  a v a i l a b l e  a t  p r e s e n t ,  
t h a t  the e f f e c t s  of RCS plume impingement on t h e r m a l  c o a t i n g s  
are n o t  s u f f i c i e n t l y  w e l l  understood t o  a l l o w  c o n f i d e n t  p r e d i c t i o n  
of  t h e  performance of t h e  AM thermal  c o n t r o l  system. This  
performance i s  impor t an t .  A s  c u r r e n t l y  planned,  i t  p rov ides  
thermal  c o n t r o l  f o r  t h e  AM, MDA, OWS, and EVA/IVA; and humidi ty  
c o n t r o l  f o r  t h e  e n t i r e  c l u s t e r .  

AM thermal  performance requi rements  are g r e a t e s t  
d g r i n g  EVA/IVA, when 45'F water  m m t  be provided for t h e  Liquid 
Cooled Garment. I t  appears  t h a t  t h e s e  requi rements  could be 
reduced f o r  AAP 3-4 ,  when t h e  AM r a d i a t o r  performance might  be 
degraded. During Mission 3-4  t h e  LM-A a l so  p rov ides  f o r  EVA 
f o r  t h e  ATM, and t h e  only  IVA-type suppor t  t h e  AM p rov ides  i s  
for  Experiment M-171. M-171  r e q u i r e s  I V A  u m b i l i c a l  o p e r a t i o n  
f o r  less than  an hour ,  one man s u i t e d  a t  a t i m e .  

T e s t  d a t a  summarized i n  Reference 1 r e p r e s e n t  a 
reasonably  complete review of t h e  a v a i l a b l e  in fo rma t ion  on 
r o c k e t  plume contaminat ion .  However, more d e t a i l e d  in fo rma t ion  
i s  r e q u i r e d  on t h e  s p e c i f i c  c o a t i n g s  of i n t e r e s t ,  2-93 and S-13G, 
t h a n  i s  found i n  t h i s  r e f e r e n c e .  A t  t h e  t i m e  t h i s  memorandum 
w a s  w r i t t e n  s e v e r a l  a d d i t i o n a l  s o u r c e s  had been i d e n t i f i e d  b u t  
had n o t  been r ece ived  f o r  review. 

The ECS/Thermal  Subpanel on February 4 ,  1 9 6 9  formed 
an  Ad H o c  Working Group on contaminat ion .  This  group i s  t o  
set up a j o i n t  t e s t  program t o  i n c l u d e  a l l  sou rces  of  
contaminat ion  of thermal  c o n t r o l  s u r f a c e s ,  w i th  c u r r e n t  
emphasis on RCS. T h i s  group i s  c h a i r e d  by J. Moses/MSFC 
and i n c l u d e s  r e p r e s e n t a t i v e s  from MSC and t h e  c o n t r a c t o r s .  
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